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Hear John: 

I appreciated very such receiving your detailed cooscot an ay paper# "Risk# 
Asbigaity and tlx? Savage Asians#® and X an wfcorrasaed that it has taken ass 
so l on g to reply. X had expected long before this to be able to send yon a 
paper embodying sane of the ’wort X have dans on the subject since writing 
that paper# which would deal with your criticise aeons other probless; but 
since X have nothing yet in a fom to sand out# let see consent directly on 
the point you raise* 

your counterexample is essentially the sane one presented by Howard Raiffa 
in Ms aasaeas t on *y paper in the QJR Syoposiun; X presuae you have seen 
this* Harry itertowitc also raised this example whan X discussed ay ideas 
with end of course# Howard sad X had disauaecd It lone ego la connec¬ 
tion with his oaqperine&ts with his classes* Considerable reflection on the 
point didn’t lead as to change tay views then# nor does It now. 1st sse try 
to why* 

Let as take the e**TT^* discussed by E&iffs in his consent in the 
(Uovaaher# ip6l# pp. 693 - 94 ); the argument is exactly the sane as fbr the 
cob you consider. We *nmelm as urn containing; 30 rod balls and 60 black 
aod yellow balls# the latter in uokacrwn proportion of blank to yellow* A 
subject is offered four acts as follows: 
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As Baiffis agrees# 'octet subjects ohoose set X over XI and IV over ill# thus 
violating the Savage Axioms' 1 and may of those subjects are reluctant to 
chadQc their choices it is pointed out to than that their behavior is 
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inconsistent with tho Sure-thing Principle." (p. 294. Z would be interested 
to know your own In&tltl., intuitive reaction to them choice*; there are t ho s e 
who are never even tcecyte d to violate the sxloets, bat 1 believe that Baiffa la 
not one* Are you?)" 

Baiffh prop ose s —as An you—to 'uotoaiae their confidence In their Initial 
choices' 1 by ashing then to consult their intuition in the following situation, 
which X did not discuss. ”2a option A a fair (unbiased) coin la tossed and 
act X is taken if heads appears, whereas act I? la taken if tails appears; 
with option 3| heeds leads to act IX sad tails to act XII*’' Xhus: 

Heads galls 

option A: Act X Acrt X? 

Option 2: Act XX Act HI 

Raiffa continues. '’ISas outcomes of either option depend on the toss of 

the coin and the selection of a ball* Haw let's do the accounting by analysing 
the implications of the options conditional on the color of the withdrawn ball. 
Our analysis tabes the fora*. 

Bad 


Option A (An "objective” 

50-^0 chance of 
$l»x> and $ 0 

Option B Shane Sane Sane 

"But this reasoning should lead everyone to assort that options A end B are 
objectively identical! **»1heae options look awfully alike to net” 

Hell* they look to no, too* Of course the options are identical* for 

purposes of daclaion-^afciag; as you put It* "they give identical, ' unambiguous' 
probability distributions over the consequences. X agree with you thoroughly 
that it would seen unreasonable to prefer one option to the other. X ww»ta»*s, 
any nose than you would. Where does this apparently uwnQected harmony of 
atlndo leave as? 

It leaves you and Balffa with a atiartahen prediction on njf choice between these 
two options* But 1st as estaniae your reasons fbr the prediction* X will admit 
you bad plausible grounds (X haven't proved ay sanity yet, though Z think I'a 
safe)* As Raiffti puts it, f by strict dnai nance option A is better than 3" fbr 
me since X prefer j to ZZ sod XV to HI. Your corresponding argutaeafc is; ' It 
certainly does not aeon reasonable to ac to stake a decision you will, coon regret 
(after flipping)* (sad in this came, you inply, Z would "wish” Z had chosen 
option. B| "regretting" ay indifference between A end B, after the coin had been 
tossed; whichever way it fell)* 
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2© answer your cement first: if, after flipping X experienced a feeling of 
"regret" that X had been indifferent ’Between the two options, -wishing X had 
definitely chosen option B, X would struggle to repress this feeling as 
fbollah, unreasonable, and altogether unworthy of ae, using precisely your 
arsaatr.it that before flipping, a careful analysis Showed the two options to 
ho identical for^aH practical purposes* it would he unfair to syself (and 
I try never to be unfair to qyaslf ) to reproach -qyoolf car to suffer regret 
for being indifferent between two alternatives with identical coasoqucrvecs. 

But this leaves Baiffa’c argaaeot: given ay initial preferences between pairs 
of actions, option A daaiaateo option B. Ket X say that X an indifftavnt 
between option A and option. S. '‘Scnething oust give!" Baiffa excloias; "on 
thinking it over, wouldn’t you like to change your aind about your initial 

J>rexaiXSJK3ro; 


On thinking it over, X otlll notice that la coopering action X to action XX, 
the foaaaer offers m a definite 1/3 chance" of $100 and a 2/3 dunce of $0, 
'..Mlc with the latter say chance of $100 is acaaetMag (unknown) between 0 and 
2/3 (while the chance of $0 is, correspondingly, between 1/3 end !)• 2bls 
statement seeos to ns to have a clear intuitive nooning, but there are various 
ways I could give it an esqslidt operational Meaning, X amt ion several below. 
If I were offered a choice between actions X end IX, X would still prefer I. 
Similar ly, In choosing between XXX and 17, X would still prefer XV; it offers 
s» a definite, 2/3 chance of $100, where the chance of $100 with action XXX is 
aoeawhe** between l/3 and 1. If asked to explain ay principle of decision, X 
night say; ’If two beta differ in the 'vagueness' of their probability distri- 



deflnite distributions eorreeponding, respectively, to X and IV, they don’t 
cony the "aobiguity psHBaJm' that would raaJso m indifferent between than and 
the correeponding laioahiGuous bets. 

X can't deny that, with these preferences, option A does dominate option 3, 
’■bat, then, do X soy to Roiffa’s ooaaent: *1 cannot see how anyone could 
refute the logic leading to the c on cl us io n that given your initial choices, 
you should prefer option A to option B.”? Bow, that is, could anyone stand 
Up and confess in public that be was willing, in any circumstances, to violate 
the principle of admissibility: that ha was indifferent between two altorna* 
ttves one of *&ieh strictly dominated the other? I agree with Baiffa that 
"Something must give," sad since la ay case I can't honestly deny qjr pattern 
of prafarenees, X oust assert that for as, in these dnnnstances. Dominance 
is not a normative criterion. 
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X afe&t that I was surprised the first tins X feuod itself wilfully violating 
the criterion of Ixalnatioo. X would not hams predicted that I would ever 
behave that wsy. X will even edait that, while X shed no tears in d i sc ar dl a g 
the Suns^thing Principle (X hadn't lived with it as long oe Qam&s had.; easy 
ca»», easy go), X felt aaac pangs vhen X took the old awttos like ‘ Haver tohe 
& doataated action ' off ay wall. Bat it's like everything else; I've learned 
to live with rayseli again. 


thing, sy loyalty to the notion of do min an ce hasn’t vanished; it has 
Just been qualified. X siaply wouldn't appiy it outcoattcally now, without 
<* *»ekias sy actual preferences, .-jfiJLflk S& 

were theaselve* aablguoue beta (rather than awe things }• As the above 
exae^le illustrates, the effect of ccnbining in a s i n gL s bet, with unaabigu- 
ous probabilities, two aabiguDO* beta, can be to produce a bet which has an 

. . .M . . — m. M AS a A A . . Mt . _1A A — M« — * A- 


resul t is 

-S^SSS? " 


It is easy to ales this essential point in focusing oa the choice between 
optica A sad option 3. It is true that, despite the fact that A daslaat®* 3, 
X as Indifferent between A and Bj but it is no less significant to note that 

* ffS&£ flgHffi 3 *> ..It QgfeHb actions p sad HX eoaaid- 
cred individually. Without soiae through the whole argument, X merely note 


that option B has sc unsEfcigaous distribution of payoffs (.5 ch a n ce of $100, 
•5 chance of $0) while actions XX ood XXX do not (too better of then, entice 
XXX, has between 1/5 sad 1 probability of $100). 


2hus, the options Kaiffft offered his students, in Which they were allowed to 
choose the color on which they would bet la the "ambiguous" urn, were essen¬ 
tially di fferen t froa those I discussed in ay paper. X draw attention to 
this difference in footnote 7, p. 651. (footnote 7 la P-2175) The W 
Raiffe poses the ptrobloa, X would agree that they s ho u l d regard the various 
aiaaad options as identical. But X hove a question for Balffa. Sow that we 
are setting the possibility of nixed options (haying assumed the existence 
of sobs event with "unambiguous* proba bil ities for the subject), suppose we 
offer his students the following choice: (a) they can bet on Bed in the 
’unknown urn; (b) they can flip a ooia bet w ee n betting on Red and betting on 
Black in the "unknown* ura; (c) they can bet on Bed la the “kaoua" urn. As I 
say, X agree with Rsiffa that it should be possible to convince then that (b) 
sad (c) are equivalent. But are they indifferent between (a) and (b); I’ll 
bet they aren't; I’ll give odds that a sigpificaBt auriber of them prefer (b) 
to (a); end that violates the axions as ouch as any of the examples discussed 
In ay paperi HOQfeOT&Xf I’ll bet that after all his argument designed to nahe 
then indifferent between (b) and (c), a lot of than will still prefer (e) to 
(a). Shis is precisely ay pattern of preferences, which we've been discussing 
above; it carries all the sons consequences, imfltkttng the horrid indication 
that Baiffa harbors in his statistics classes students who olgxt, under the 
right eirevnstaaces, (a) prefer a donlnotod action, and (b) prefer a lottery 
ticket offering prime A and 3 with definite probabilities, both to A and to 3* 
(if he flunks then, X will try to get thea slots at RASD.) 
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Z promised earlier to elaborate on the operational nooning* am night supply 
«or statascnte life, “ay subjective probability tfer event H is between l/j 
md 2/5. 1 This letter Is long soou^i caw, and perhaps Z should, let this 
ride until I can send you a full exposition of «y thought* on this subject 
since writing the article. However, following are sotae cotsaaats that any be 
suggestive. Vbm X say that action X offers no a definite' 1 probability of 
1/5 *fcr the payoff $100, cm thing X night aero by it is: la a very large 
nadber of alt aofcloas la which ay subjective expectation of "winning'' were 
equivalent to the expectation X Steel with respect to action X, X would 
expect to win with a frequeaqr mgy close to l/3 of the tines. Shat is not 
true of «y expectation about the average results of a large number of bets 
subjectively al al l a r to action II. In a larga nssfeer of such situations, I 
would expect with high confidence that the fraction of vina would not 
f/2* Bsfc X would not be at all surprised if X won less then, say# 
tlm and not too surprised if I never won. In this particular interpretation, 
X can point to the difference between feeling that X know the average resul 
to be expected (to give odds on) in a large aeries of trials involving the 
erne Mftgectivo uncerta inties , ant Haling that x dan’t know that, moag t 
within wide limts, ^ 

This is not the only operational interpretation that eon be pot on six* 
statements. Others involve betting behavior, (see C. A. B. SB&th’s article 
“ *» atotlstial aocKrtp. V«l. aJ, So. 1, Aouuy is&) 

or co^pcriaamt with event* oi definite j^bahilit/ (see Koogmn's articles 
on iatmuvte probability, e.g., JtocjLs of Bathenattcg, Vol. 41, So. 2, April, 


la terns of betting behavior: let us suppose that sqt utility function has 
mwnaed far bets with iwdi1#wua event#), and 1st us as si g n tte values 0* 

1 to $0, $100 in the cwrnmle above* Expose that X were wtm.wg to give up to 
1/3 utils far act I, and up to 2/5 utile for act IV* I would be acting "yif 
X assigned 1/3 probability to Bad (and, properly, 2/3 to not-Red). If, 
Allowing aaith, we apesk of tbo value to no of act X as the “lover betting 
probability’ for Bed end (l«the value of act IV) as the "upper betting proba¬ 
bility 5 ' for Bad, the two would be equal in this 


But suppose that the asst I would give for act XX ateuld be l/6$ 

X would give for act III would be l/2* She 'lower betting probability 1 ' fbr 
Blash would then be l/6, and the upper betting probability (1-1/2)»l/2. If 
the eat of values X assign to various bets is 'coherent*, the us&ar betting 
malt b. greater ttai w wal to tt* lorer lotting jmfcdbilsty; 
py de Jriaetti, Baasey, sad Savage that the requirement of 
‘ l^Uss «ff*sl3-ty of the i*per cod lower betting probabilities, 
the definiteness of all probabilities measured by acceptable 
batting odds, are simply incorrect, (fry ‘asking a book’’ against oei it 
can’t be done hare, where the sun of ay upper rod lo&er betting probabilities 
is less than 1, thoufb it could be done if they added to sore than 1). 
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Or# to follow the Saqpn approach, suppose seasons asked as to ooagaro 
qy of MUftf that X vosUL dzw a £gm tbit m i vt^b say 

4e$£?$e of belief t^st X muXd dx^v 3 tvoEL tsx \n& oon faii^tig 

exactly six balls, a of v&ica were black. Z ai^xt state that awl vas tbs 
X&rg£#fe & flflfi fffr i that*! dofinttoly gt^to tbit tbi first nas oot 
^ y» y ftp tb® MftlXMt a wo r b yhact X defiaitely 

state that the second we sot wallsrr than the first. For tbe event 'not* 
alack# 1 ' the corresponding oaten bo (if ay belief® arr 'coherent 1 ') 

a*5 «d ne5» Thus, In Ksognan** tones# ny upper and lower probabilities for 
made axe 1/2 and l/C. 


^ coociiuiag tte p^^llitlcs of Bod* BV y^ Yfcllov* 

by the above sorts of sts&oagttfca axe represented by: 1/3, l/C-l/s# 
1/6-1/2* Oapioae further that ay wilitiss axe known. Bow do I stake flan lirii— 
on tte of moil wUiAii mm mT iddUdti m imMHM ifltmml*; 


ald^otat of each interval an 
utility—that would not lead as into violation of tbe Savage 

1X2 followed such * ruls* X would ba 


of 
la ay 
in ay 

betting behavior, tbe difference between events wheat probability 1 knew 
''definitely" (such as Bed) csA tV isit events *sy*#*» g X Xkl X Kli Vt | mtt 
to m aniy vc^jaly* vltbl& Qtti liipUcatiaQ 1 # 

and accepted# by Savage# Ralflb and Schlolffar. Ae Balffa and Schlaifffer put 
It# C 33 xx>v digu'jirulah mrib itv T^etneosi ’v&ftu * 1 # ’dofittlto 1 xsrlor 
f ^>i)Xl€d fiiadLisiieal Decision Theory* »* 66 i their • v 

TfraTeaaawuxmw* BfltotggTJSl£rJ*?UL* ^ W ' m * WF A hV J ,r - 

on tfwfc they ^jn diatLncraish is aot <mlic^2« to tfcl* eum>lo)» 


Sut suKioodo that X dou r t fbUtow auudi a nils# ntirnfiofi that X do *ct»**** na*» . 

introspectivaly # between “knowing" ad "not knowing : definite probebilitie* 
fur events# and suppose that X follow a rule in tbe latter case that leads ae 
to violate tbe Savage acetone. Specifically, suppose 1 use tbe following (quite 
coa^^vutive) daclslm rule: Act aa if ^ *n&*i**rwaa to ^ nrh erraert tha 
r^vo$ , aM# of tho mt of prok&b 1 litim that sight plsauiihXy' cor romcmSSy ' 1 ho 
associated with It. With tbe above beliefs# 1 would act “as if" X astlgnafi 2/6 
probability to 1Hack when I was betting on Slack, I would act as if X assigned 
1/2 probability to Block when X was betting against Black (action IZXj !•«.# X 
would act as if X assigaed probability 1/2 to not -Slack) . Shis would generate 
tbe observable upper and lower betting probabilities discussed earlier. If X 
followed this particular decision rule for acting on ay Intuitive probabilities# 
tbe upper pad lower betting probabilities would always correspond to ay upper 
intuitive probabilities (if X followed other# plaaoibl® rules# ay betting proba¬ 
bilities would be e ncl osed by ay intuitive probabilities). 


One consequence of using such a rule is that It leads to vi ola tion s of the 
Sure-thing Principle when upper end lower intuitive probabilities axe unequal. 
Another is that It bi as e s ay ehoioe toward bets with definite probabilities. 

X will be laUffexeat between a bet with definite probabilities and one whose 
probabilities art: : sabi^ous", only when the best guess" distribution of pay- 
offc for the latter Is distinctly superior. A third consequence Is that if X 
were offered even odds on Blank versus Yeflov in the above sxaqpls (the bat to 
be off if Bed should occur)# and X were allowed act to bert# X would proffer not 
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to bat rather then to take either cod of the bet, even though the payoffs 
whW’In utilities. I.e., if 1 iiad the option of not betting, I would 
demand favorable odds on Block bef&ws X would bet on Black# and X would 
also demand favorable odds on Yellov bofbre X would he willin g to bet an 
Yellow* Once again, note that this does not allow you to aaJse a book 
against as; ay acceptable betting odds are "coherent#" even though I an 

I should by now hare answered your question as to what ay own behavior 
would be# and how I would agplqln It to sy self. Vhet, finally, do I fteel 
about the Sure-thing Principle and the principle of adnlaslMlity? X fbel 
that they are normative guides fbr ay own behavior vhm: (a) the events in 
question ore not 'aatbl&xwz,* on aesasurod by caws of the approaches above; 
and (b) the payoffs or prices are not thssaeolvos ambiguous bats. If these 
conditions ere not satisfied# X find that certain decision rules—which 
happen to lead to violation* of these two principles in some eaaea*—ae«sa 
sore reaacKaablo#"' and swre descriptive of ny own reflective choices# than 
any decision rules which would conform strictly to the Savage cadcns. 

Shore is a lot core to say# but this asoass enough far one letter. iy goal# 
of course# is to convert you# Savage and Rciffa; I*a sending copies of this 
latter to the latter two. I’a not sure the payoffs are the some as in the 
Prisoner*o DiXeam, but X*tt hoping the results will be. Which one will be 
the first IVjst-ifco-Ssycslan- 

Pleaae raraertber Carol and me to Joy. I*» hoping to be in Caatoridge same time 

mch to oca&lnue this discuaaion with you 

and Howard in person. 

Yours# 


ftwri#! EUsberg 

Economics Department 


DE.eap . 

Eef. Inc. Pile Ho. 55624 
















